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NationalAs the pressure to take action against global warming is growing in urgency, scenarios that incorporate multiple
social, economic and environmental drivers become increasingly critical to support governments and other
stakeholders in planning climate change mitigation or adaptation actions. This has led to the recent explosion
of future scenario analyses at multiple scales, further accelerated since the development of the Intergovernmen-
tal Panel on Climate Change (IPCC) research community Shared Socioeconomic Pathways (SSPs) and Represen-
tative Concentration Pathways (RCPs). While RCPs have been widely applied to climate models to produce
climate scenarios at multiple scales for investigating climate change impacts, adaptation and vulnerabilities
(CCIAV), SSPs are only recently being scaled for different geographical and sectoral applications. This is seen in
the UK where significant investment has produced the RCP-based UK Climate Projections (UKCP18), but no
equivalent UK version of the SSPs exists. We address this need by developing a set of multi-driver qualitative
and quantitative UK-SSPs, following a state-of-the-art scenariomethodology that integrates national stakeholder
knowledge on locally-relevant drivers and indicators with higher level information from European and global
SSPs. This was achieved through an intensive participatory process that facilitated the combination of bottom-
up and top-down approaches to develop a set of UK-specific SSPs that are locally comprehensive, yet consistentpe Group, Wageningen University, Droevendaalsesteeg 3, 6708 PB Wageningen, the Netherlands.
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S. Pedde, P.A. Harrison, I.P. Holman et al. Science of the Total Environment 756 (2021) 143172with the global and European SSPs. The resulting scenarios balance the importance of consistency and legitimacy,
demonstrating that divergence is not necessarily the result of inconsistency, nor comes as a choice to
contextualise narratives at the appropriate scale.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).1. Introduction
Awareness is growing worldwide that responses to environmental
challenges, such as climate change, biodiversity loss and pollution are
interdependent, as a result of the interactions between multiple social,
economic and environmental drivers (Rosa et al., 2017; IPCC, 2018).
To understand the dynamics and effects of these drivers in the medium
and long-term, scenarios are typically used by researchers to explore
possible futures in the face of uncertainty (Riahi et al., 2017). Scenarios
have been defined as: ‘… plausible and often simplified descriptions of
how the future may develop based on a coherent and internally consistent
set of assumptions about key driving forces and relationships’ (MA, 2005).
Exploratory scenarios are useful for understanding ‘what might happen
in the future’ for a region, based on potential trajectories of multiple
drivers. These can be translated using impact models into projected
consequences for different economic or environmental sectors, such as
agriculture, forestry, biodiversity, water, infrastructure and health.
This improves understanding of the range of possible outcomes in a re-
gion, alerts decision-makers to undesirable future impacts, and enables
exploration of the effectiveness of policy options and management
strategies (Harrison et al. 2019).
The most recent set of widely applied scenarios for investigating cli-
mate change impacts, adaptation and vulnerabilities (CCIAV) imple-
mented by the Intergovernmental Panel on Climate Change (IPCC)
research community (Moss et al., 2010) comprise the Shared Socioeco-
nomic Pathways (SSPs) and Representative Concentration Pathways
(RCPs) (van Vuuren et al., 2011; O'Neill et al., 2015; O'Neill et al., 2017).
The SSPs describe a set of alternative plausible trajectories of future soci-
etal development, which are based on the best current hypotheses about
which societal elements are the most important determinants of chal-
lenges to climate change mitigation and adaptation. The SSPs and RCPs
were developed in a parallel process and are designed to be scalable
(van Ruijven et al., 2014). This allows different socioeconomic assump-
tions captured in the SSPs to be associated with different emission path-
ways (RCPs) (Ebi et al., 2014). Crucially, the scalability of the SSPs
enables the development of national andmultiscale versions of the global
SSPs that are consistent both internally and across scales for use by the
CCIAV community, facilitating the synthesis of comparable research in fu-
ture IPCCAssessment Reports. Furthermore, generatingnational level sce-
narios from the global SSPs (and, where available, from intermediary
continental SSPs) is needed to inform the implementation of national
level policies to achieve global targets, such as the Paris Agreement,
United Nations Convention on Biological Diversity (CBD) and Sustainable
Development Goals (SDGs).
Methodologies to enrich the SSPs for sector-specific applications (e.g.
Mitter et al., 2019) and/orwith country or local level knowledge (e.g. Kok
et al., 2019; Zandersen et al., 2019) have already been developed and ap-
plied. Often SSPs are enriched as part ofmultiscale assessments for several
regions and countries (Neumann and Friedland, 2011). This involves
nesting outcomes for a region within a country which, in turn, is nested
within plausible “worldwide” scenarios (Schweizer and Kurniawan,
2016). For example, Kok et al. (2019) enriched the global SSPs to create
European SSPs. Kok and Pedde (2016) then downscaled the European
SSPs to the national or regional scale for Hungary, Iberia and Scotland.
A common practice in developing state-of-the-artmultiscale scenar-
ios uses model-based downscaling of global scenarios (Neumann and
Friedland, 2011). While this practice has the advantage of developing
scenarios that are highly consistent over scales and regions (Biggs
et al., 2007), it has the disadvantage of excluding local knowledge that2
is important for identifying locally-relevant drivers and trade-offs. To
overcome this disadvantage, recent multiscale SSPs rely on a combina-
tion of top-down model-based downscaling using integrated assess-
ment model projections (generally at the global or continental scale)
and bottom-up participatory approaches that qualitatively capture
local stakeholder insights (Absar and Preston, 2015; Kok et al., 2019;
Rosa et al., 2017). Such practices are considered to yield locally relevant
scenarios that are consistentwith key drivers at the global scale (Nilsson
et al., 2017). However, differentmethods for creatingmultiscale scenar-
ios have emerged in a relatively ad-hocmannerwith little agreement on
what constitutes best practice (O'Neill et al., in review). Nevertheless,
the methodological assessment of scenarios and models by the Inter-
governmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) (Ferrier et al., 2016) identified three key criteria for
successful integration of bottom-up and top-down scenario methods
to produce credible, reproducible and consistent multiscale scenarios:
(i) the development of a participatory process that engages and inte-
grates local/national knowledge; (ii) the identification and inclusion of
appropriate locally-relevant drivers and indicators; and (iii) interpreta-
tion of the local knowledge from the participatory process on the drivers
and indicators of interest into translatable input for impact models.
The UK Government is required under the 2008 Climate Change Act
UK to publish a Climate Change Risk Assessment (CCRA) every five
years that assesses ‘the risks for the United Kingdom from the current
and predicted impacts of climate change’ (CCRA, 2017). The third
CCRA is due to report in 2022 and will rely on research undertaken
and published by the UK CCIAV community based on the most recent
and relevant scenarios. To this end, the UK Government has invested
in the development of a new set of climate scenarios based on the
RCPs, the UK Climate Projections 2018 (Met Office, 2019). However,
no regionally enriched versions of the global SSPs exist for the UK.
This severely restricts analysis of the dynamics of multiple drivers rele-
vant to climate change impacts and the effectiveness of climate change
policy and management strategies for mitigating climate change or
adapting to its impacts. Therefore, a set of SSPs specifically for the UK
is urgently required that will facilitate future national and sub-
national climate change impact and adaptation applications that are
consistent with CCIAV studies at the global and European scales.
This paper addresses this need by developing and implementing a
novel approach that integrates bottom-up local knowledge with top-
down information from the global and European SSPs to create a consis-
tent set of multi-driver qualitative and quantitative UK-SSPs. Our meth-
odology addresses the three IPBES criteria for producing credible,
reproducible and consistent multiscale scenarios and provides an ap-
proach that can be applied elsewhere. The set of internally consistent
UK-SSPs aims to galvanise UK-specific research on climate change im-
pacts and adaptation that is consistent with the IPCC process, including
research and analysis for subsequent Climate Change Risk Assessments.
To meet this aim, the methodology has been designed to provide scenar-
ios that cover a broad range of sectors but are not over-specific so as not to
constrain potential application and further development spatially or
sectorally within the UK.
2. Methodology
2.1. Multiscale scenario design
Wedeveloped a consistent framework for regional application of the
global SSPs by the UK CCIAV community by integrating bottom-up local
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The integrationwas facilitated by a carefully designed participatory pro-
cess to generate UK-SSPs. Consistent with the global SSP design and ob-
jectives, the UK-SSPs can be combined with RCP-based climate
projections for wider application in climate change impact assessments
across multiple sectors (Fig. 1) (Harrison et al., 2015; Harrison et al.,
2016; Rosa et al., 2017).
How our methodology addresses each of the IPBES recommenda-
tions (Ferrier et al., 2016) for developing multiscale scenarios is de-
scribed in the following sections.
2.2. Co-production process to engage and integrate local/national
knowledge
2.2.1. Stakeholder selection
A wide range of stakeholders were selected to provide sufficient
breadth and diversity for the UK-SSPs to be both scientifically credible
and socially relevant (Lang et al., 2012). Stakeholders were selected to
match three categories that ensure representative coverage of a broad
range of expertise and viewpoints across the UK CCIAV community, fol-
lowing Lang et al. (2012) and Gramberger et al. (2015). The first cate-
gory included different discourses to cover both societal (institutional,
NGOs, private sector) and scientific (research) expertise. The second
category comprised a broad range of CCIAV-relevant sectors as identi-
fied in Holman et al. (2014) (see also “UK-CCIAV” box in Fig. 1). The
final category included several individual and geographic characteristics
to enhance diversity and broader inclusion: age (<30; 30–50;
>50 years), gender, geographic location (England, Scotland, Wales,
Northern Ireland) and level of professional seniority.
Stakeholders were identified, and a sub-set invited to the stake-
holder workshop from a database of more than 200 contacts created
by the project team. The full database of contacts was used to gainFig. 1. The multiscale context used to develop the UK-SSPs (in red box) and how they can be
adaptation and vulnerabilities (CCIAV) in multiple economic and environmental sectors.
3
wider feedback on how to further develop and apply the UK-SSP narra-
tives and trends.
2.2.2. Stakeholder co-production process
An engagement process was designed, which consisted of a 1.5 day
facilitated stakeholder workshop followed by a questionnaire. A total
of 21 stakeholders participated in the workshop and the follow-up
questionnaire, which focused on cross-checking and clarification of
the outcomes from the workshop.
The stakeholder workshop alternated plenary and breakout group
(five groups) sessions to stimulate lively discussionswhile guaranteeing
coherence of the overall process (Gramberger et al., 2015). Professional
facilitation supported this highly interactive process: a lead facilitator
was supported by four trained facilitators to guide the process, five “re-
source people” were available to provide technical guidance to stake-
holders on content when needed, and five note-takers were assigned
to the breakout groups and plenaries to capture all discussion points.
This process enabled the diverse range of stakeholders to bring together
their complementary knowledge, viewpoints and insights in an
inclusive-environment, while ensuring there was consistency with the
global and European SSPs.
Theworkshophad fourmain sessions to link the bottom-up and top-
down processes:
1. A broad and bottom-up process to identify highly impactful and un-
certain socioeconomic drivers, which consisted of an interactive ple-
nary that facilitated the exchange and brainstorming of ideas. This
session led to the clustering of these socioeconomic drivers by cate-
gory and identification of polarities that characterise the UK-
relevant dimensions of the driver's uncertainty for each category.
The clusters gave structure to the systemic description of interdepen-
dencies, specific to the UK context, between these drivers. Thecombined with climate projections based on the RCPs to assess climate change impacts,
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similar systemic issues. At the end of this session, a synthesis of rele-
vant UK-scenario literature was introduced and discussed as de-
scribed more fully in Section 2.3 and SM-1.
2. The narratives of the global and European SSPs (Fig. 2) were intro-
duced to stakeholders in plenary. In addition, UK trends in Gross Do-
mestic Product and population calculated for each SSP from the
global SSP data depository (IIASA, 2013) were presented. These pro-
vided a top-down constraint to the following plenary discussions,
where stakeholders were asked to map the uncertainty polarities
for each UK-specific driver category onto the global/European SSPs.
3. In five breakout groups, one for each UK-SSP, stakeholders were
guided through a process aimed at elaborating a narrative for a single
UK-SSP that built on themapping of the UKdriver polarities from the
previous plenary session. This included the brainstorming of events
per UK-SSP and their positioning on a timeline, identifying and elab-
orating broad lines of development for a range of sectors, and synthe-
sising the main interrelationships between drivers within the
scenario. This session combined bottom-up and top-down ap-
proaches, ensuring that the UK-SSPs were consistent with the global
and European SSPs, while reflecting the specific UK drivers and un-
certainties identified in the first two sessions. As part of this process,
stakeholders toured around each breakout group so that draft narra-
tives could be shared with the full group of stakeholders to allow
questions and discussion. Each group was then able to further refine
their individual UK-SSP narrative based on these discussions. This it-
erative process helped maintain consistency (in terms of level of de-
tail, but not content) between the five UK-SSPs and with the global
and European SSPs.Fig. 2.Overview of European Shared Socioeconomic Pathways (SSPs) elements, directly transfe
sion.
(Adapted from Kok et al., 2019.)
4
4. Stakeholders discussed trends for eight specific socioeconomic
drivers in their individual UK-SSP groups (Section 2.4), each group
reaching a consensus on the evolution of the semi-quantitative
trends over time (drawn as a graph) and the rationale for these
trends. During the facilitated discussions, trade-offs were also
highlighted, and the narrative was further refined.
The stakeholders' evaluation of the participatory process was
analysed to ensure that the co-production process effectively led to
learning and allowed each stakeholder to be involved. The process for
all sessions was evaluated very positively (see full results in SM-2).
2.3. Identification and inclusion of appropriate drivers and indicators
To identify the relevant drivers and indicators which form the back-
bone of the UK-SSPs, pre-existing UK scenarios were evaluated by the
project team according to several characteristics, based on the approach
of Kok et al. (2015) andRohat et al. (2018). The scenarios included those
of the UK National Ecosystem Assessment (NEA) (Haines-Young et al.,
2011), Natural England (Creedy et al., 2009), FORESIGHT Land Use
(FLUF, 2010), UKCIP (Hulme et al., 2002), IMPRESSIONS Scottish scenar-
ios (Kok and Pedde, 2016) and the UK Environment Agency's Scenarios
2030 (EA, 2009). The characteristics included the date the scenarios
were developed, their relevance to the CCIAV community, their inclu-
sion of multiple sectors, and their inclusion of STEEP (Social, Technolog-
ical, Economic, Environmental and Political) (Hunt et al., 2012) drivers
of change.
Crucially, to avoid constraining stakeholders to pre-existing scenar-
ios, the outcomes of this evaluation exercise were only introduced
within the workshop process after stakeholders had brainstormed andrable from the global SSPs and introduced to the UK-SSPworkshop during the second ses-
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certainty, but before the introduction of the SSPs. The evaluation was
then summarised in a plenary presentation to stakeholders to
cross-check whether any significant UK drivers were missing from the
stakeholders' clusters and to allow stakeholders to consider relevant
input for the discussion afterwards (see SM-1 for an overview of the
analysis and presentation in the workshop).
2.4. Interpretation of knowledge into translatable model input
The interpretation of information gathered through stakeholder en-
gagement (as described in Section 2.2) is based on the Story and Simu-
lation approach (Alcamo, 2001, 2008). This approach comprises
iterating qualitative (participatory) scenarios with quantitative,
modelled scenarios to obtain internally consistent and relevant scenar-
ios (Alcamo, 2008). In the case of the UK-SSPs, the qualitative scenarios
consist of narratives, tables of driver uncertainties and tables with semi-
quantitative trends developed by stakeholders during the facilitated
workshop process.
The semi-quantitative trends conceptually link the narratives and
CCIAV model input (Pedde et al. 2018). The elaboration of semi-
quantitative trendlines enriches the narratives while providing more
structure for input to CCIAV assessments. As only a limited amount of
time was available within the workshop, we restricted trendline devel-
opment to eight variables. The first four variables (change in the extent
of arable land; change in fertiliser use; change in water abstraction; and
change in protected areas for biodiversity) were selected based on two
criteria. Firstly, the variables related to the expertise of many of the in-
vited stakeholders and nest well among the key issues for the UK, as
mapped in previous scenarios (Section 2.3), while complementing
(but not duplicating) the range of generic STEEP drivers and narratives
within the European and global SSPs. Secondly, they can inform and
constrain the quantification of a wider range of socioeconomic variables
by the CCIAV community.
In addition to these four variables, stakeholders also provided
trendlines for the five capitals (human, social, manufactured, financial
and natural). Capitals are useful indicators of overall wealth in a society,
vulnerability of the system, and the ability of society to cope with and
adapt to changing circumstances (Porritt, 2007; Dunford et al., 2015;
Papadimitriou et al., 2019).
During the semi-quantification exercise stakeholders were asked to
categorise the scenario trends for the variables in three-time slices:
present to 2040; 2040 to 2070; and 2070 to 2100 compared to current
(see example in SM-3). The categories were large, moderate or small
decrease, no change, and small, moderate or large increase. Stake-
holders were asked to discuss each trend within their UK-SSP group,
agree on a consensus answer and draw it on a graph. The stakeholders
could provide ancillary information to explain their underpinning
thinking.
For each variable, each UK-SSP group was also asked to provide a
confidence number ranging from 0 (lowest confidence) to 10
(highest confidence), to capture the confidence that the group had
when defining the semi-quantitative trendline of the variable for
their scenario. The semi-quantitative trends and their confidence
scores are reported in SM-4. The confidence scores were used as
part of the assessment of the participatory exercise, as well as to
check the internal consistency of the scenarios (from the
stakeholder's point of view) (Pedde 2018).
3. Results
We analysed outputs from the stakeholder workshop to develop
several UK-SSP products: (i) categories of key UK drivers and their un-
certainty polarities mapped to the five UK-SSPs; (ii) narratives describ-
ingqualitatively howsocioeconomic developments emerge over time in
each scenario; and (iii) tables of semi-quantitative trends for a range of5
drivers to inform impact models. Each of these products is described in
this section.
3.1. Mapping UK-specific drivers and their uncertainties to the SSPs
Table 1 synthesises the outputs of sessions 1 and 2 of the workshop.
In this Table, the 12 driver categories suggested by the stakeholders
cover all the STEEP classes of drivers, with varying emphases relevant
to the UK context. In general, the uncertainty polarities associated
with these driver categories focus on describing the type or dynamics
of transitions, rather than velocity of change. One driver category that
included the speed of transition was for green energy, where the uncer-
tainty varied between a gradual transition with relatively slow public
uptake to a rapid transition with multiple breakthroughs reinforced by
strong societal acceptance.
The environment featured strongly in other driver categories,
including land use and environmental policy where the uncertainty po-
larities were strategic and planned for the benefits of all people vs. free-
for-all and unregulated. These uncertainties were thought to be impor-
tant for determining changes to the agricultural sector and potential
knock-on effects for biodiversity. The nature of land and agricultural
management practices were also stressed in the driver category on
food security and consumption, which combined to influence whether
practices were likely to be resource-friendly or over-exploitative and,
hence, unsustainable.
Several societal drivers were identified related to demographic
change, evolution of societal attitudes, social structures, health andmo-
bility. Stakeholders suggested that the most important aspect of demo-
graphic change for the UK was the relative size of the working
population. Whether the population had high or lowmobility and free-
dom of movement between urban and rural areas was also considered
important. Societal attitudes and behaviourwere thought to be a crucial
uncertainty in the future, particularly whether individuals felt
empowered or disillusioned. Access to health and education services
was also recognised, with polarities stated as egalitarian (i.e. access is
available to all) or privileged (i.e. access is restricted to a few). The im-
portance of health policies in relation to both humanand environmental
health were also suggested by stakeholders. A stronger separation be-
tween human and environmental health policies was considered to af-
fect the ability to prepare, control and respond to pests and diseases
effectively.
Only one driver category concerned technological change and this
focused on digital technology and innovation. It included the gover-
nance of digital innovation, data transparency and openness, data-
driven decision-making and communication, and the development of
cyber-physical systems (industry 4.0), with uncertainties focused on
whether this will result in net damage or net-benefit to social-
ecological-economic systems.
All the driver categories are likely to be influenced by uncertainties
about the nature of the economy, particularly how environmental
change will be coupled to the future economic system and how this
might shape theUK economy in relation to the rest of theworld. The un-
certainty polarities for this driver focused onwhether a changemight be
fostered bynovel non-monetary driven systems or developwithin a tra-
ditionalmoney-based economy. In addition, the driver category on gov-
ernance structureswas suggested by stakeholders as being key tomany
other drivers, particularly whether cooperation between the four UK
nations will be strong or not, and the level of devolution of decision-
making powers. These uncertainties would influence whether policies
will be socially divisive or cohesive. In turn, this may affect international
relations outside the UK due to changes in geopolitics, trade relations
and whether the shift will favour globalisation or nationalism.
The UK-specific driver categories and their uncertainties were
mapped by the stakeholders onto the scenario logic of the European/
global SSPs to provide the initial framework for the development of
the UK-SSPs (see right-hand side of Table 1). In the following, we
Table 1
Summary of UK-specific drivers (bold text) and their uncertainty polarities (shown in purple and green) identified by stakeholders, and their mapping to the European/global SSPs. The
left-hand side summarises the outcomes from session 1, providing a short description of each of thefinal 12 drivers and their uncertainty polarities thatwere identified by stakeholders as
being themost impactful and uncertain for future national development. The right-hand side shows the result of session 2, that is themapping of these drivers' categories and the relevant
uncertainty polarity onto the five SSPs.
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ferences among the UK-SSPs.
Stakeholders considered that the transition to green energy would
be rapid for UK-SSP1 and UK-SSP4 due to fast societal uptake, strategic
green energy development policies and interconnected energymarkets.
In contrast, the uptake would be “very gradual” in UK-SSP3 because of
social and economic breakdown, and gradual in UK-SSP2 and UK-SSP5
because of barriers emerging from existing energy infrastructure and
old energy production and consumption systems.
Environmental and land-use policies were considered to be strategi-
cally planned for the benefit of all people in UK-SSP1 and UK-SSP5, but
associated with resource-friendly practices in UK-SSP1 in contrast to
over-exploitative practices in UK-SSP5. For UK-SSP4, planning was
thought to be strategic, but not for the benefit of all people as this6
scenario is governed by a strong political and business elite, which re-
sults in a combination of technology-driven production together with
resource over-exploitive practices in agricultural management.
Stakeholders suggested that the lack of strategic land use planning in
UK-SSP3, and partly in UK-SSP2, would result in environmental and
land use policies being largely unregulated, and lack of radical political
will and individual engagement would contribute to the maintenance
of over-exploitive practices.
Stakeholders agreed that the welfare state and working conditions,
life expectancy and integration of migrant populations would affect
the size and nature of the working population under all UK-SSPs. The
relative size of the working population was thought to be high in UK-
SSP3 and UK-SSP4 because many people would not be able to afford re-
tirement and would have to continue working to support themselves
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ger age, life expectancy decreasing, and increased internal migration
(as peoplemove tofindwork). In the other UK-SSPswith betterwelfare,
people would live longer and hence the population ages, migration
would be moderate (with generally high mobility), and well-being
(work-life balance) would be emphasised. This was thought to lead to
a decrease in the relative proportion of the working population.
Access to public services was considered to be strongly associated
with improved social structure and individual well-being. However,
an egalitarian social structure would be associated with engaged,
empowered and inspired societal actors in UK-SSP1, while in UK-SSP5
passive societal attitudes towards the environment would not favour
engagement towards a sustainable society, but rather reliance on tech-
nological fixes. In UK-SSP2, access to services would decrease for some,
butwould bemaintained to some extent in the longer term. By contrast,
access to services was thought to decrease greatly in UK-SSP3 and UK-
SSP4. In these scenarios, social exclusion and privilege is associated
with disillusioned, disengaged and disempowered societal attitudes,
with a strong link to technological development and individualism in
UK-SSP4.
Environmental and public health trends were considered to be
driven by technological development and the effectiveness of policies,
which relate to societal fabric and individual well-being. As a result,
UK-SSP1 was thought to have a high ability to control and respond to
pests and diseases, while this was considered to be low for UK-SSP2,
UK-SSP3 and UK-SSP4, with UK-SSP5 being more intermediate due to
strong technological advances and investments in education and health
but a reactive approach to environmental health.
Mobility and travelwere considered to be largely affected by societal
structures. Stakeholders suggested that socially cohesive decision-
making would enable increased mobility, exchange and opportunities
in UK-SSP1 and UK-SSP5. This is further reinforced by technological ad-
vances and the opportunities these bring. Mobility was thought to in-
crease in UK-SSP4, albeit only for the privileged. In UK-SSP2, while
governance would not be as effective, mobility and opportunities
would be higher than in UK-SSP3 and for the masses in UK-SSP4. It
was agreed that UK-SSP3 would have the lowest mobility of all the
UK-SSPs because of highly divisive policy-making and largely ineffective
decision-making.
Societal and political transformation was deemed to be affected by
the social embedding of how we use technology for the benefit of
humans. This was interpreted for UK-SSP1 and UK-SSP2 as having an
emphasis on digitalisation, genomics, improving personal care and
technological innovation. In UK-SSP3 and UK-SSP4, society does not
reap these benefits. While UK-SSP4 is a “technocentric” scenario, loss
of jobs due to automation and technological change in an increasingly
elitist society was thought to lead to net dis-benefits to society. In UK-
SSP3 the lack of governance and resources would limit all technological
development, and the little thatwould occurwould be unregulated due
to the lack of social and environmental policies. InUK-SSP5 stakeholders
decided that technological development would lead to a net benefit for
the economic system, but net damage to ecological systems.
In all UK-SSPs except for UK-SSP1, stakeholders decided that the
economy would remain a traditional money-based one, meaning that
economic growth would be a leading indicator of prosperity and
economic status. In contrast, UK-SSP1was considered to provide oppor-
tunities to radically change the current economic system towards a
“non-monetary driven system”.
Finally, international relations and trade links were considered to be
largely affected by globalisation for UK-SSP4 and UK-SSP5, driven by
economic and political interests of key business players. Free-trade rela-
tions would dominate in UK-SSP5. In UK-SSP1 globalisation was
thought to follow a different path, with a focus on international institu-
tions and policies. By contrast, UK-SSP2 and UK-SSP3 would be less
driven by globalisation. In UK-SSP3 stakeholders decided that a focus
on nationalism would be driven by strong national security policies in7
an increasingly fragmenting world, while in UK-SSP2 nationalism
would arise from less effective international cooperation.
3.2. Narratives and trends for the UK-SSPs
The further elaboration of the UK system drivers resulted in the de-
velopment of the full draft narratives of the UK-SSPs (Session 3 of the
workshop). The UK-SSP narratives describe how the UK system driver
uncertainties in Table 1 lead to cross-sectoral trends in agriculture, for-
estry, water, biodiversity, urbanisation, health and energy. Sketches of
the UK-SSP narratives are presented in Fig. 3, while the full narratives
describing time-dependent socioeconomic trends to 2100 are reported
in SM-5.
Themost detailed and narrowly focused part of the stakeholder pro-
cess (Session 4 in the workshop) resulted in the semi-quantitative
trends for all the UK-SSPs, including their motivation and interlinkages.
The results for the selected variables are shown in Table 2 as groups of
three arrows representing the three time slices (present to 2040; 2040
to 2070; and 2070 to 2100) in the scenario narratives. In the following,
we describe the trends in the four agri-environmental variables quanti-
fied by stakeholders in theworkshop in the context of the full narratives
and trends in related variables from Table 2 and the global SSP data re-
pository (IIASA, 2013).
The IIASA data repository suggests UK population will increase in all
UK-SSPs except for UK-SSP3, although the future population size and
the timing when population peaks differs between the SSPs. For exam-
ple, in UK-SSP5 the population is projected to continually increase up to
~128 million by 2100, while in UK-SSP1 population peaks at almost 86
million inhabitants in 2090 then slightly declines. For UK-SSP3 popula-
tion is projected to peak at 65.5 million in 2040 and then subsequently
declines to ~49 million by 2100. In UK-SSP2, population continually in-
creases over time reaching a similar level to UK-SSP1 by 2100 (~85 mil-
lion). Finally, for UK-SSP4 the population is projected to peak in 2060 at
71 million and then decline to a level similar to today (~63 million).
The GDP trends from the IIASA data repository reflect population
trends to some extent. However, GDP is simulated to grow up to 2100
under all UK-SSPs, although at greatly differing rates. The slowest GDP
growth is projected in UK-SSP3, especially from the 2080s. UK-SSP4
shows modest growth, followed by higher growth after 2070.
UK-SSP1 and UK-SSP2 show similar trends, with more growth than
UK-SSP4. UK-SSP5 has the fastest growth with GDP in 2100 of ~21,573
billion US$2005/yr. This is 2.3 times higher than UK-SSP1.
Trends in arable land, fertiliser use and protected areas are closely
related to urbanisation and competition for land in the UK-SSPs. This
conflict is most marked in UK-SSP4 and UK-SSP5, where increased ur-
banisation and loss of protected areas follow the same strong trends
over time. In UK-SSP4, competition for land is driven by the change
from an agricultural subsidy-based system to industrial croplands,
which is exacerbated by increasing bioenergy production and urbanisa-
tion. Technological development, pushed by the need for more land, al-
lows arable croplands to expand into the uplands. UK-SSP5 also sees the
loss of agricultural subsidies, leading to the predominance of market
forces. This leads to re-allocation of land to more profitable sectors,
such as urbanisation and high-end tourism following re-wilding,
which is facilitated by land grabbing in other countries (e.g. in Africa)
for agricultural production from 2070.
Competition for land is less apparent in UK-SSP1 due to moderate
population growth, behavioural changes that result in less food con-
sumption and less food waste, and a focus on efficient and sustainable
agricultural production practices. This counteracts decreases in food im-
ports, resulting in a decrease in total agricultural land, with dietary
changes away from meat leading to increases in arable at the expense
of intensive pasture. This releases land that can be used for reforestation
and restoration of semi-natural habitat, alongside improved nature pro-
tection. In UK-SSP2, food imports and sustainable intensification of
farming (including genetically-modified crops) result in more
Fig. 3. Summaries of the UK-SSP narratives.
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Even though individual and societal attitudes alter in favour of more
protected areas, significant barriers remain, leading to slow changes
on the ground. For UK-SSP3 agriculture initially becomesmore intensive
due to trade barriers limiting food imports, but then a lack of artificial
fertilisers leads to an increase in arable land because the land is less pro-
ductive. Protected areas disappear and in part are lost to arable land. By
the 2070s, subsistence farming along with a bartering system leads to
increased arable land use.
Trends in water abstraction reflect both behavioural changes (de-
mand-driven) and technology-driven efficiencies in water saving (sup-
ply-driven). In UK-SSP1 the overall logic of systemic transformation is
translated into declines in water abstraction through the integration of
demand and supply-driven management. This first produces a slow
change, which accelerates over time with reductions driven by alterna-
tives, such as rainwater harvesting, and more efficient water use and
recycling. In UK-SSP2, water abstraction initially increases due to large
increases in arable land and population. However, from 2040, water is
increasingly recycled and derived through technologies, such as desali-
nation of sea water.
A lack of regulation and early peaks in agricultural and industrial ac-
tivities in UK-SSP3 lead to increases inwater abstraction until the 2030s.
This is followed by an overall reduction in water abstraction related to
sharp declines in industry and agriculture, a degrading infrastructure
and reduced population size. By the 2070s contamination of water
means that differentways are needed to harvestwater (e.g. rainfall cap-
ture), rather than abstraction. In UK-SSP4, developments in water
recycling together with the low growth in population and GDP growth,
lead to a slight decrease in water abstraction. In UK-SSP5, projected
trends for water abstraction were highly divergent (and stakeholders
confirmed low confidence in their scoring) depending on whether
water abstraction was led by irrigation, energy, or domestic consump-
tion. Particularly challenging was how water demands for irrigation
and energy production interrelated with other UK-SSP5 drivers. For ex-
ample, decreases in arable land result in land use transitions to urbani-
sation or nature-based tourism, which may require more water8
abstraction,while the high technological innovation inUK-SSP5may re-
sult in highly water efficient crop varieties or hydroponic systems. The
energy mix between gas and oil was also thought to be a key uncer-
tainty by stakeholders that would affect the trend in water abstraction,
with anoil-based energy system,which requireswater for cooling, lead-
ing to greater abstraction.
4. Discussion
4.1. Integration through a participatory process
Using a combination of bottom-up and top-down approaches, we
have developed a set of UK-specific Shared Socioeconomic Pathways
that are locally comprehensive, yet consistent with the global and
European SSPs. While the use of a participatory approach was crucial
to represent diverse worldviews (Bohunovsky et al., 2011; Kok and
van Vliet, 2011; Chaudhury et al., 2013), its effect on the final narratives
can be difficult to reproduce. This relates to the obvious and inevitable
limitation of the constrained size and composition of participants in
any such exercise, that is, different participants will lead to different
narratives. However, it is also affected by the level of “freedom” allowed
by the design of the participatory approach to produce narratives of na-
tional relevance. Thus, how participatory approaches are designed in
each study and integrated with the top-down constraints from the
global SSPs has resulted in a proliferation of extended SSP narratives,
which vary in their consistency (or inconsistency) across scales and sec-
tors (Mitter et al., 2019), making comparative analyses difficult. While
we agree with Mitter et al. (2019) on the need for coordination and
shared learning among studies developing SSP extensions, in order to
reduce inconsistencies and aid comparability, we demonstrate how
the participatory process applied to develop the UK-SSPs has resulted
in consistent yet relevant scenarios.
The inclusion of the UK-relevant drivers allowed a strong link be-
tween local, regional and global drivers rather than generating diver-
gence. These drivers were identified by the limited number of
participants in the stakeholder workshop, but their national relevance
Table 2
Overview of trends in variables for the UK-SSPs. The three arrows represent trends over three time slices: present to 2040; 2040 to 2070; and 2070 to 2100 (each arrow indicates change
compared to present, whichmeans that two consecutive arrowsof same colour and direction, indicates no change between them). Trends derived from the IIASA data repository, Session 4
of the workshop, and an interpretation of the narratives by the project team (see key).
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the literature. They were also compared with drivers used in CCIAV
studies, particularly integrated modelling studies that used both socio-
economic and climate drivers to simulate their effects on synergies,
trade-offs and interdependencies between multiple sectors. For exam-
ple, Holman et al. (2005), Harrison et al. (2016) and Papadimitriou9
et al. (2019) identified competition and trade-offs between agricultural
land, nature protection, urbanisation andwater resources as key uncer-
tainties that are significantly affected by socioeconomic drivers across
Europe. Unlike other global scenarios such as theMillenniumEcosystem
Assessment scenarios (MA, 2005), nature protection is not included as a
main driver in the global SSPs, as highlighted in Rosa et al. (2017). The
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only between local and global SSPs, but also among scenario assessment
communities addressing the key global challenges of climate change
and biodiversity loss.
Internal consistency, both across trends within the same narrative
and between the narratives and their quantification for use in CCIAV
models, also strengthens the link across scales. The Story and Simulation
(SAS) approach (Alcamo, 2001, 2008; Alcamo and Henrichs, 2008) ad-
dresses this consistency through iteration between the narratives,
their quantification into model inputs, and the model outcomes in
terms of CCIAV impacts. In the UK-SSPs, the semi-quantitative trends
were developed directly from the narratives for most drivers, but the
narratives were also constrained by the global SSP storylines and the
projections from the global SSP data repository (IIASA, 2013) for popu-
lation and GDP. These future trends for each variable and UK-SSP pro-
vide a framing for the direction and relative strength of change in key
UK drivers. This ensures that the translation of these trendlines into
quantifiedmodel inputs by theUK CCIAV research community is consis-
tent across the UK-SSPs and with the global/European SSP context
(Pedde 2018). Robustness in internal consistency can also be implied
by the confidence scores of participants in the session on developing
the semi-quantitative trends (see SM-4; “total confidence”: mean = 7,
sd = 1.3). This internal consistency was also confirmed with stake-
holders after the workshop through a post-workshop questionnaire to
iterate and cross-check the narratives (see SM-6).
4.2. Similarities and differences between UK and European/global drivers
The UK-SSPs are embedded within the global and European SSPs
(summarised in Fig. 2), but include extensions beyond them to incorpo-
rate UK-specific drivers. Hence, it is not surprising that some form of di-
vergence exists, related to the enrichment of the narratives and the
addition of trends in awider range of drivers relevant to the UK context.
However, this enrichment does not come at the expense of consistency
across the different scales. For example, while GDP trends were not
identified by UK stakeholders as a key uncertainty for the UK-SSPs,
they still provide a higher scale quantitative indication for other vari-
ables on economic performance. This ensures that driving assumptions
for both global, European and UK-scale trends remain transparent and
comparable.
We explain below how the global, European and UK-SSPs diverge,
overlap and complement one another, by comparing STEEP trends at
the three scales.
Society - UK-SSP trends inmobility,migration andurbanisation tend
to be consistent with their global and European SSP counterparts, ex-
cept for urbanisation in SSP3. While population decreases in SSP3 at
all scales, urbanisation increases as a result of urban sprawl in the
European SSP3 (Terama et al., 2019) but, as share of total population, ur-
banisation is constrained by slow economic growth and limited mobil-
ity in UK-SSP3 and global SSP3. Country-specific urbanisation
projections for the global SSPs (as share of the total population) show
that the UK will have 100% of its population being urbanised by 2100
in SSP1 (Jiang and O'Neill, 2017). This trend is consistent with UK pop-
ulation and GDP trends (derived from the global SSPs), but it does not
capture UK-specific spatially-driven trends included in the UK-SSPs,
such as mobility between rural and urban populations, legislation for
land ownership and regulation for spatial planning. This leads to poten-
tial inconsistencies with UK-SSP1 where a fully urbanised population is
unlikely due to the narrative focusing on sustainable urban develop-
ment coupled with activities that maintain an active rural community
focused on low input environmentally-friendly agriculture, local food
production, and bioenergy production.
Technology – The assumptions on overall trends on technological
development are consistent across global, European and UK SSPs. How-
ever, the UK-SSPs diverge in relation to their focus on societal embed-
ding of technological development and the effect it has on10socioeconomic development. This is particularly visible in UK-SSP4
where overall technological development increases, but which results
in net damage to social-ecological-economic systems. This difference
has been highlighted in other studies due to the partial mismatch in
the scenario logic for SSP4 with existing scenario archetypes (Kok
et al., 2019, Pedde et al., 2019a, 2019b) based on its assumption that
green technological development underpins low challenges to mitiga-
tion, while social inequality underpins high challenges to adaptation.
Environment – Environmental drivers in the UK-SSPs are expressed
in terms of their association with land use and environmental policy, as
well as trends in food security and consumption. How the polarities for
these two driver categories map to the SSPs results in different configu-
rations of land use and trade-offs between sectors. While the trends for
land use drivers are similar across scales for all SSPs, cross-sectoral as-
sessments are needed to fully identify potential trade-offs (Harrison
et al., 2016). For example, theUK-SSP1 narrative assumes changes in ag-
ricultural practices (related to efficiency and sustainable intensification)
arising primarily due to increases in domestic food demand, resulting
from changing diets and decreased international food imports. How-
ever, cross-sectoral modelling of the European SSP1 narrative
highlighted major land use trade-offs: agricultural land increases at
the expense of forestry due to less intensive agricultural production
and decreases in food imports (Harrison et al., 2019). Similar quantita-
tive analysis for the UK (e.g. Holman et al., 2016) may also highlight
trade-offs within UK-SSP1, even with the assumption that more effi-
cient and sustainable management enables greater yields per unit of
land and hence decreases in agricultural land area.
Economy – The UK-SSP narratives focus on the nature of the econ-
omy, overall prosperity and well-being, rather than per capita GDP
which is the main economic driver in the global SSPs. In global model-
ling of the SSPs, GDP growth, population growth, education, physical
capital and fossil fuel assets are key driving assumptions for simulating
differences in emissions (Dellink et al., 2017). In the UK-SSPs, the future
nature of the economy is explained by changes in individual behaviours,
government structures, interests of business and international players,
land use policy and a focus on well-being.
Policies – Similarly to the global and European SSPs, the UK-SSPs
focus on trends in environmental and international policies. The consis-
tency of the UK-SSPs with the global and, especially, European SSPs is
achieved through a focus on UK-specific environmental policies and
regulations, land ownership and the effect of implementation of subsi-
dies, without referring to specific international or European frame-
works. The strong emphasis on land use and agricultural policies in all
UK-SSPs are consistentwith the European level assumptions on policies,
institutions and capacities of actors across scales. From a decision-
making perspective, the UK-SSPs emphasise the role of sub-European
(UK, national and local) institutions and networks, compared to
European SSPs' focus on European institutions and their relations to
other actors. This different focus resulted from the stakeholders' per-
spectives on the relevant levels for decision-making in the UK context,
but the different focus is still fully consistent across the UK and
European SSPs. TheUK-SSPs do not specificallymention the direct effect
of European policies, such as the Common Agricultural Policy (CAP) or
Water Framework Directive, which are particularly uncertain due to
Brexit. They do, however, build on themore generic assumptions on in-
ternational food imports, commodity trade and international geopoliti-
cal stability which characterise the European and global SSPs. The
effective or ineffective international and European political and eco-
nomic cooperation schemes are fully consistent with the European
and global SSPs. Further extensions (either local or sector-specific
SSPs) should consider specific and sectoral assumptions carefully and
could require an adjusted process to balance the need of divergence or
consistency across scales or sectors, for example, when developing de-
tailed assumptions on agricultural policy across Europe in the Eur-
Agri-SSPs (Mitter et al., 2019) and the UK. Even in finer resolution
SSPs, however, the process implemented for the UK-SSPs demonstrates
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stakeholders does not need to come at the cost of vertical consistency.
4.3. The UK-SSPs compared to other national and regional SSP extensions
The UK-SSPs have been designed to be nested within the global and
European SSPs, while taking account of national research and policy
needs. Other national SSPs have been developed, including the
Japanese SSPs (Chen et al., 2020) and the New Zealand SSPs (Frame
et al., 2018). Regional scale SSPs have also been developed for part of
the US (Absar and Preston, 2015) and continental scale SSPs for
Europe (Reimann et al., 2018; Kok et al., 2019; Zandersen et al., 2019).
These studies used a similar nesting approach to allow for both consis-
tency with global SSP narratives (and associated GDP and population
projections) and context-specific knowledge. However, the specific de-
mands of the UK decision-making context have required an engage-
ment process that is inclusive and integrative of different worldviews,
including non-scientific, policy-relevant knowledge. Similar to Palazzo
et al. (2017) and Nilsson et al. (2017), the inclusion of such different
worldviews can lead to more nuanced divergence from the global
assumptions.
The UK-SSPs start from the national policy agenda and stakeholder-
led uncertainties which are subsequently mapped onto the global and
European SSP assumptions, in contrast to higher level downscaled ver-
sions of the SSPswhich start from the global SSPs and disaggregate each
narrative assumption using a one-to-one nesting approach. Our combi-
nation of top-down and bottom-up approaches, while still echoing the
distinction between “consistent” and “coherent” scenarios across scales
from Zurek and Henrichs (2007), could indicate the emergence of a
novel policy-driven paradigm in multiscale scenario development.
This effectively responds to the need for scientific credibility in the
form of consistency and comparability criteria on the one hand, and le-
gitimacy and policy relevance on the other hand (Frame et al., 2018). By
balancing the importance of consistency and legitimacy, the UK-SSPs
demonstrate that divergence is not necessarily the result of inconsis-
tency, nor comes as a choice. Stakeholder-led downscaled and nested
scenarios can be as consistent with higher level scenarios provided
that there is appropriate facilitation. The facilitated process can thus
be designed to “extend”, i.e. enrich higher level narrativeswith comple-
mentary details that increase relevance for stakeholders and enable
higher resolution quantitative model assessment. This will be further
tested in future research by further extending the UK-SSPs for the four
countries of the UK and developing spatially-explicit quantifications of
key drivers from the semi-quantitative trends for use by impact
modellers.
5. Conclusions
Understanding future socioeconomic dynamics is increasingly ac-
knowledged by many governments, including the UK, to be crucial,
along with climate scenarios, for the development of effective climate
change mitigation and adaptation policy and management strategies.
We address this need by developing a set of multi-driver qualitative
and quantitative UK-SSPs through a professionally facilitated participa-
tory process that integrates bottom-up local/national knowledge and
locally-relevant drivers with top-down information from the global
and European SSPs. By seeking to balance scientific credibility, legiti-
macy and policy relevance, the final set of internally consistent UK-
SSPs aim to galvanise UK-specific research on climate change impacts
and adaptation. The UK-SSPs complement the RCP-based UK Climate
Projections, which together provide the basis for a multitude of CCIAV
applications, such as projecting impacts and risks on human health,
water resources, agriculture, biodiversity, infrastructure and the built
environment, and assessing opportunities and trade-offs related to ad-
aptation and mitigation actions by different actors. Such research is
vital for informing subsequent UK Climate Change Risk Assessments11using an evidence base that is consistent with international studies
and future IPCC Assessment Reports.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2020.143172.
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